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(54) CARBONACEOUS HOLLOW BODY CATALYST, AND ITS MANUFACTURE, AND USE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a photocatalyst having excellent adsorption and 
powerful oxidation capability, being capable of effectively removing and decomposing particularly 
organic compounds in waste water, and the manufacturing method, and use method thereof. 
SOLUTION: In the carbonaceous hollow body catalyst supporting a photocatalyst (e.g. metal 
oxide semiconductor including titanium oxide, zinc oxide, and iron oxide) on the surface of 
microsphere carbonaceous hollow body, the catalyst preferably can be used for adsorption- 
removing and decomposing organic compounds in water (particularly in waste water) because it 
has a large surface area and tend to buoy up on the water surface. The catalyst can be 
manufactured by rendering it to support the photocatalyst on the surface of the microsphere 
hollow body obtained by rapidly heating a carbonaceous material (powder coal or pitch) in the 
state of less oxygen content where incomplete combustion occurs, or by that the carbonaceous 
material is rendered to include tetra-valent titanium compounds including titanium isopropoxide 
or titanium tetrachloride as an aqueous solution and the like, and then it is rapidly heated. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A carbonaceous hollow body catalyst, wherein a photocatalyst is supported by the 
surface of a minute spherical carbonaceous hollow body. 

[Claim 2]A manufacturing method of the carbonaceous hollow body catalyst according to claim 1 
making a minute spherical carbonaceous hollow body obtained by heating a powdered 
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carbonaceous material quickly in an inert atmosphere support a photocatalyst. 
[Claim 3]A manufacturing method of the carbonaceous hollow body catalyst according to claim 1 
heating quickly and calcinating subsequently in an inert atmosphere after making a powdered 
carbonaceous material support a photocatalyst catalyst precursor. 

[Claim 4]The directions for a carbonaceous hollow body catalyst disassembling an organic 
compound underwater contained using the carbonaceous hollow body catalyst according to claim 
1. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Adsorption power of this invention is large and it has strong oxidizing 
power, removes especially the organic compound under wastewater efficiently, and relates to the 
manufacturing method and the directions for the carbonaceous hollow .body catalyst which can 
be decomposed, and its catalyst. 
[0002] 

[Description of the Prior Art]It is known well that a semiconductor shows the oxidation as a 
photocatalyst. In order to make a photocatalysis perform using this semiconductor, the 
semiconductor powder of fine powder form is made generally suspended in the solution 
containing the quality of an oxide, and the method of irradiating this is taken. 
[0003]In order to remove the low-concentration organic compound contained in wastewater, 
adsorption and the method of removing are performed for many years using activated carbon, 
but the method of using for the oxidative degradation of the organic compound under wastewater 
the photocatalyst effect which the above semiconductors have is also publicly known. For 
example, By using the activated carbon which supported the titanium oxide (Ti0 2 ) which has a 

photocatalyst effect. The method of disassembling efficiently the organic compound (weed killer) 
contained during wastewater is proposed (Chemistry Letters (The Chemical Society of Japan), 
P.1 995-1 998 (1993)). 

[0004]That thus, a semiconductor photocatalyst is used for disassembly of the organic 
compound under wastewater, The strength of the oxidizing power which a photocatalyst has is 
also because the concentration of an organic compound is small in wastewater with last thing, 
using sunlight as energy moreover since the throughput is immense sees in cost and it is 
desirable. 

[0005]Since the method of facing being under wastewater and making a photocatalysis perform, 
making it suspended while draining semiconductor powder conventionally, and irradiating this with 
sunlight is taken, specific gravity is large and the catalyst which is draining and precipitates 
easily is not preferred. Since a limitation is among the depth which sunlight reaches, for irradiate 
with sunlight this semiconductor powder that precipitates easily and demonstrating a catalysis, it 
is necessary big to make an acceptance surface product remarkable. 
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[0006]In how for the above to have been proposed, since true specific gravity is 1.6-2.1, and 
activated carbon is under wastewater and precipitates easily, processing of churning, recovery, 
etc. faces using sunlight further rather than is easy, and there is a problem that big an 
acceptance surface product must be made remarkable as mentioned above. 

[0007] Although it is not the example made into the object of processing of wastewater, to JP,6- 
1 70220A The deodorant which made the photocatalyst (metallic oxides, such as Ti0 2 , W0 3 , and 

Fe 2 0 3 ) support on the surface of activated carbon and which can maintain the stable 

deodorizing function over a long period of time is indicated. This photocatalyst demonstrates the 
effect outstanding to disassembly of the organic compound (odor component) in the gaseous 
phase. However, in the liquid phase, since a photocatalyst body sediments similarly in how for 
the above to have been proposed, it is inapplicable to disassembly of the organic compound 
contained during wastewater. 

[0008]On the other hand, the floating titanium oxide photocatalyst which made the surface of 
about 1 00 micrometers in diameter a glass hollow body support a photocatalyst (Ti0 2 ) was 

developed (catalyst chemicals "p.129-132 with which "Quarterly Chmistry Survey" No.23(1994)" 
light is concerned). Since this catalyst floats in water, it can use sunlight efficiently and is made 
suitable for disassembly of floating organic compounds (for example, crude oil etc. which flowed 
at sea). However, since quality of an oxide cannot be efficiently decomposed since important 
specific surface area cannot be enlarged by a photocatalysis, and there is also almost no 
adsorption capacity, under conditions without an optical exposure, adsorption and removal of an 
organic compound cannot be performed. 
[0009] 

[Problem(s) to be Solved by the Invention]This invention solves the semiconductor photocatalyst 
and the above-mentioned problem for disassembling the organic compound under wastewater 
using especially this photocatalyst of having the operation which carries out oxidative 
degradation of the organic compound, and use of sunlight is easy for it, Reaction efficiency is 
high and it is made also under the conditions which moreover do not have an optical exposure 
for the purpose of providing the photocatalyst body in which adsorption and removal are 
possible, its manufacturing method, and the directions for an organic compound. 
[0010] 

[Means for Solving the Problem]In order that this invention persons may solve the above- 
mentioned technical problem, as a result of repeating examination, by using a hollow body of 
minute spherical carbonaceous as a carrier of a photocatalyst, It found out that it was possible 
to face to use sunlight, and for it not to be necessary to enlarge an acceptance surface product 
remarkable, to enlarge specific surface area of a catalyst, and to make a decomposition reaction 
perform efficiently. 

[0011]In order to make the surface of a hollow body of the aforementioned minute spherical 
carbonaceous support a photocatalyst, It is considered as a minute spherical carbonaceous 
hollow body by heating quickly coal and a pitch which were pulverized under an inertness 
atmosphere, They are tetravalent titanium compounds (in this invention.), such as titanium 
isopropoxide and titanium tetrachloride, to coal and a pitch which made this support a 
photocatalyst or were pulverized, this — "a photocatalyst catalyst precursor" — saying — you 
made it impregnated as an alcohol solution or solution, and it checked that what is necessary 
was just to heat quickly under an inertness atmosphere. 

[0012]If a carbonaceous hollow body photocatalyst for which the surface of the above- 
mentioned minute spherical carbonaceous hollow body was made to support a photocatalyst is 
used, mixing oils, such as an organic compound contained during wastewater, for example, BTX 
which was conventionally difficult to process, (benzene, toluene, xylene), and a lubricating oil, 
agricultural chemicals, etc. can be disassembled easily. 

[0013]This invention was made based on the above-mentioned knowledge, and the gist is in a 
manufacturing method of the catalyst of a carbonaceous hollow body catalyst of following (1), 
(2), and (3), and the directions for the catalyst of (4). 

[0014](1) A carbonaceous hollow body catalyst, wherein a photocatalyst is supported by the 
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surface of a minute spherical carbonaceous hollow body. 

[0015](2) A manufacturing method of a carbonaceous hollow body catalyst given in the above (1) 
making a minute spherical carbonaceous hollow body obtained by heating a powdered 
carbonaceous material quickly in an inert atmosphere support a photocatalyst. 
[0016](3) A manufacturing method of a carbonaceous hollow body catalyst given in the above (1) 
heating quickly and calcinating subsequently in an inert atmosphere after making a powdered 
carbonaceous material support a photocatalyst catalyst precursor. 

[0017](4) The directions for a carbonaceous hollow body catalyst disassembling an organic 
compound underwater contained in the above (1) using a carbonaceous hollow body catalyst of a 
statement. 
[0018] 

[Embodiment of the Invention] Below, this invention (above (1) invention of - (4)) is explained in 
detail. 

[0019]The carbonaceous hollow body catalyst (especially this is hereafter called "carbonaceous 
hollow body catalyst of this invention") of an invention of the above (1) is a catalyst with which 
the photocatalyst was supported by the surface of the minute spherical carbonaceous hollow 
body. 

[0020]Although the aforementioned minute spherical carbonaceous hollow body is explained in 
full detail behind, they are porous carbon particles whose relative bulk density obtained by 
heating coal and the pitch which were pulverized as a raw material is 0.02 - 0.1 g/cm 3 and 
whose particle diameter is 100-2500 micrometers. After supporting a photocatalyst, apparent 
relative density is smaller than water, it has floating (character to float on the water surface), 
and specific surface area is very large. 

[0021] A photocatalyst is a substance which will reveal a photocatalyst function if it irradiates 
with the light of wavelength which has the energy more than the band gap, for example, publicly 
known metal oxide semiconductors, such as titanium oxide, a zinc oxide, strontium titanate, 
tungstic oxide, yttrium oxide, and iron oxide, are mentioned. Such semi-conducting material may 
be single and may be the mixture or multiple oxide in which two or more kinds were put together. 
As this photocatalyst, it has especially high photocatalyst ability, and stable and harmless 
titanium oxide is chemically preferred. 

[0022]The photocatalyst holding amount of the minute spherical carbonaceous hollow body of 
above-mentioned this invention will not be limited especially if this hollow body is the quantity 
which can maintain floating where a photocatalyst is supported. However, specific surface area 
with a big carbonaceous hollow body is held enough, and simultaneously, it is preferred [ the 
dispersibility of a photocatalyst is also good, and ] that it is 100 or less % of the weight to a 
carbonaceous hollow body so that higher photocatalyst activity can be acquired. It is 50 or less 
% of the weight more preferably. 

[0023]Since the carbonaceous hollow body catalyst of an invention of this invention has the 
operation which photooxidizes an organic compound and the minute spherical carbonaceous 
hollow body is moreover used as a carrier, it has the following feature. 

[0024]** Sunlight arrives easily that it is [ therefore ] easy to gather on the water surface like 
the case where a glassiness hollow body is used as a carrier (having floating). 
[0025]** A minute spherical carbonaceous hollow body has large specific surface area like 
activated carbon. 

[0026]** The carbonaceous hollow body catalyst can adsorb the quality of an oxide like 
activated carbon. 

[0027]The invention of the above (4) is the method of using this carbonaceous hollow body 
catalyst for disassembly of the organic compound contained underwater. That is, they are an 
organic compound which makes the most of the above-mentioned feature which the 
carbonaceous hollow body catalyst of this invention has, and is underwater contained using this 
carbonaceous hollow body catalyst, and the method of disassembling BTX under wastewater, a 
mixing oil, etc. especially. 

[0028]Facing using this carbonaceous hollow body catalyst, special devices are not required. For 
example, if add this carbonaceous hollow body catalyst during wastewater containing the above- 
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mentioned organic compound, it is made to distribute and it agitates if needed, a catalyst surface 
will be adsorbed and an organic compound will be condensed. If it puts to sunlight, oxidative 
degradation of the adsorbed aforementioned organic compound will be efficiently carried out by 
the photocatalyst grains of a carbonaceous hollow body catalyst which have gathered on the 
water surface. 

[0029]Since this carbonaceous hollow body catalyst has the characteristic of being easy to 
gather on the water surface, it can use sunlight, without needing a big acceptance surface 
product. Since specific surface area is large, reaction efficiency is high. When adsorption 
treatment of the organic compound is carried out also under conditions without an optical 
exposure and light is irradiated, oxidative degradation of the organic compound to which it stuck 
can be carried out, and adsorption capacity can be recovered. Therefore, high fixed adsorption 
capacity can always be maintained and it is suitable also for repeated use. Therefore, it is 
especially suitable for the oxidative degradation of the organic compound under wastewater, and 
efficient decomposition treatment is possible. 

[0030]The carbonaceous hollow body catalyst of this invention is effective in removal and 
disassembly of organic compounds generally contained underwater, such as not only the organic 
compound under wastewater but a waterworks, industrial water, or sea water. Therefore, it can 
be used in extensive fields, such as processing of the river water containing toxic substances, 
such as the so-called purifying treatment of factory effluent and the domestic wasted water 
discharged from an ordinary home, agricultural chemicals, and an organic halogenated compound, 
groundwater, etc., or a marine oil spill, processing of red tide etc. 

[0031 ]The aforementioned invention of (2) is a manufacturing method of the carbonaceous 
hollow body catalyst of above-mentioned this invention, and is the method of making the surface 
of the minute spherical hollow body produced by heating a powdered carbonaceous material 
quickly in an inertness atmosphere supporting a photocatalyst. 

[0032]The carbonaceous material used as a raw material is powdered coal, a pitch, etc., and it is 
pulverized so that particle diameter may be preferably set to 5 mm or less. 
[0033]These raw materials are quickly heated under an inertness atmosphere. Oxygen of 
quantity with an inertness atmosphere insufficient for a raw material burning completely is 
contained, and combustion is the atmosphere which advances in the imperfect state. If an 
excessive amount of oxygen exists in burning completely rather than a complement or it, coal 
and a pitch burn completely and the minute spherical carbonaceous hollow body made into the 
purpose cannot be obtained. 

[0034]It carries out for accumulating and it is preferred that cooking temperature shall be 
[ which heating carries out gasification separation of the volatile constituent contained in a raw 
material, and carbonizes the remainder ] 600-900 **. If cooking temperature is lower than 600 
**, the specific gravity of the hollow body of the carbonaceous acquired by the volatile 
constituent contained in the raw material fully not gasifying will become large easily. If it exceeds 
900 **, the cost which heating takes increases and it is not economical. 

[0035]In order to obtain the carbonaceous hollow body which has large specific surface area, it 
is required to include the air bubbles generated by gasification to what was generated inside 
particles, and to expand them quickly, and it heats quickly. In moderate heating, growth of the air 
bubbles itself is slow, and since carbonization is completed before expanding enough, the 
carbonaceous hollow body with large specific surface area which has many holes is not obtained. 
As for rapid heating, it is preferred to cover the total temperature range from near a room 
temperature to the aforementioned cooking temperature (600-900 **), and to carry out with the 
heating rate at 200-600 **/second. 

[0036]In order to perform the above-mentioned rapid heating, it is preferred to use a fluid bed 
type or air current layer type reactor. From the downstream of a reactor which has the reaction 
zone which used these reactors, for example, was heated by 600-900 **, the gas by which 
oxygen of a quantity insufficient for a raw material and this raw material burning completely is 
contained is supplied, namely, the incomplete combustion of the raw material is carried out under 
an atmosphere [ inertness / above ]. 

[0037]A part of coal which is a raw material, and pitch can also be used as a heat source under 
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the conditions which advance in the state with imperfect combustion in this way. In that case, 
although it falls, since activation of the minute spherical carbonaceous hollow body to generate 
is carried out with the steam produced in combustion of some raw materials, the yield of the 
target carbonaceous hollow body is preferred. 

[0038]Since the minute spherical carbonaceous hollow body generated by such heat-treatment 
is discharged with the gas which contains combustion gas from the upstream part of a reactor, 
filtration, specific gravity separation, etc. separate with gas. 

[0039]The relative bulk density is [ 0.02 - 0.1 g/cm 3 and the particle diameter of the minute 
spherical carbonaceous hollow body obtained ] 100-2500 micrometers. Although it is greatly 
dependent on the description (especially the amount of volatile constituents, an ash content) of 
the raw material to be used, the description adjusts suitably the length of the reaction zone in a 
reactor, the speed of supply of a raw material and inactive gas, etc. so that the minute spherical 
carbonaceous hollow body of proper description may be obtained. 

[0040]Thus, the obtained minute spherical carbonaceous hollow body is made to support the 
aforementioned photocatalyst. 

[0041]There is no limitation in particular about the support method of these photocatalysts, and 
the impregnating method, the kneading method, etc. can be made to support with the usual 
catalyst method of preparation. 

[0042]In making titanium oxide support, for example, titanium isopropanal KISHIDO, After dipping 
a carbonaceous hollow body in the tetravalent alcohol solution or solution of a titanium 
compound (namely, photocatalyst catalyst precursor), such as titanium tetrachloride and titanium 
sulfate, enough and impregnating with a titanium compound, filtration, centrifugal separation, etc. 
separate this carbonaceous hollow body. Then, by performing steam treatment air-drying or if 
needed, a titanium compound is hydrolyzed, and the target carbonaceous hollow body catalyst is 
continuously acquired desiccation and by calcinating. 

[0043] Calcination makes a carbonaceous hollow body support a photocatalyst firmly, and 
although the thing which give endurance and which it carries out for accumulating and is 
performed under non-oxidizing atmospheres, such as nitrogen and argon, is desirable, when 
calcinating below at the temperature to which carbonaceous does not burn, even if it carries out 
in the air, it does not interfere. What is necessary is just a temperature region which limitation in 
particular does not have, and combination arises and solidifies among the particles of the 
photocatalyst made to support about calcination temperature and which what is called a 
sintering phenomenon produces. However, it is necessary to choose the firing condition that 
many anatase crystals which have high photocatalyst ability are included in the case of a 
titanium dioxide. 

[0044]According to the method mentioned above, a special means is not needed but the 
carbonaceous hollow body catalyst of said this invention can be manufactured easily. 
[0045]Similarly the aforementioned invention of (3) is a manufacturing method of the 
carbonaceous hollow body catalyst of this invention, and after it makes a carbonaceous material 
support a photocatalyst catalyst precursor, it is the method of heating quickly and calcinating 
under an inert atmosphere further. 

[0046]As a carbonaceous material, powdered coal, a pitch, etc. are similarly used in the invention 
of the above (2). What was pulverized so that particle diameter might be set to 5 mm or less is 
preferred. 

[0047] Photocatalyst catalyst precursors are tetravalent titanium compounds, such as titanium 
isopropanal KISHIDO, titanium tetrachloride, and titanium sulfate, as mentioned above, and after 
fully dipping a carbonaceous material in that alcohol solution or solution and impregnating with a 
titanium compound, filtration, centrifugal separation, etc. separate this carbonaceous material. 
[0048]Subsequently, the carbonaceous material impregnated with the photocatalyst catalyst 
precursor is quickly heated under an inertness atmosphere. With an inertness atmosphere, it is 
the same as that of the case of an invention of the above (2), oxygen of a quantity insufficient 
for a raw material burning completely is contained, and combustion is the atmosphere which 
advances in the imperfect state. Since a carbonaceous material will burn completely if an 
excessive amount of oxygen exists in burning thoroughly rather than a complement or it, the 
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target carbonaceous hollow body catalyst cannot be acquired. 

[0049]As for cooking temperature, it is preferred to consider it as 600-900 **. If cooking 
temperature is lower than 600 **, gasification of the volatile constituent contained in the raw 
material is not enough, and the specific gravity of the hollow body obtained becomes large easily. 
On the other hand, if it exceeds 900 **, the cost which heating takes will increase. 
[0050] Heating is performed quickly. With the aforementioned invention of (2) having described, a 
carbonaceous hollow body with large specific surface area is similarly obtained by this, and a new 
combination arises further by it between the carboxyl group and hydroxy! group which 
carbonaceous materials (coal, a pitch, etc.) have, and a photocatalyst catalyst precursor. That is, 
it will be in the state where the photocatalyst was chemically fixed to the carbonaceous hollow 
body, and the stability will improve. As for rapid heating, it is preferred to cover the total 
temperature range from near a room temperature to the aforementioned cooking temperature 
(600-900 **), and to carry out with the heating rate at 200-600 **/second like the case of an 
invention of (2). 

[0051 ]In order to perform the above-mentioned rapid heating, it is preferred to heat beforehand 
for example, using thermostat, such as an electric furnace and a muffle furnace, to the 
temperature which the aforementioned combination produces between a carbonaceous material 
and a photocatalyst catalyst precursor, and to insert in and heat the carbonaceous material 
which impregnated with the aforementioned photocatalyst catalyst precursor into it. 
[0052]After finishing rapid heating, it calcinates further. If calcination is under the condition on 
which the carbonaceous of the carbonaceous hollow body catalyst which is fixed still more firmly 
by making the particles of the photocatalyst in the state where it was fixed to the carbonaceous 
hollow body sinter like the case of an invention of (2), and which it carries out for accumulating 
and is an object of this invention does not burn, there will be no limitation in particular about the 
atmosphere at the time of calcination. Although it is desirable to carry out under non-oxidizing 
atmospheres, such as nitrogen and argon, when calcinating below at the temperature to which 
carbonaceous does not burn, it does not interfere, even if it carries out in the air. 
[0053]What is necessary is just a temperature region which limitation in particular does not have 
about calcination temperature, either, and the above-mentioned sintering phenomenon produces. 
However, it is necessary to choose the firing condition that many anatase crystals which have 
high photocatalyst ability are similarly included in the invention of (2) in the case of a titanium 
dioxide. 

[0054]Since it can calcinate simultaneously with rapid heating by inserting in a raw material in 
the thermostat heated by 600-900 ** for example, and holding as it is if the above-mentioned 
thermostat in which the rapid temperature up of charge is possible is used, it is suitable. 
[0055]Also by the method of the above-mentioned invention of (3), the carbonaceous hollow 
body catalyst of said this invention can be manufactured easily, without needing a special means. 

[0056]When the invention of the above (2) is compared with the invention of (3), by the invention 
of (2), there is a tendency for what has large specific surface area to be obtained, by the 
invention of (3) to a comparatively ****** thing being obtained. Although the yield of the 
carbonaceous hollow body catalyst acquired becomes low in the invention of (3), there is the 
feature that photocatalysts, such as a titanium dioxide, are firmly combinable with a 
carbonaceous hollow body via the functional groups (a carboxyl group, a hydroxy! group, etc.) 
which components used as a carbonaceous material, such as coal, have. 

[0057]Therefore, according to the kind of organic compound contained in the processing object 

performed using this carbonaceous hollow body catalyst, concentration, or processing 

environment, a manufacturing method is used properly and it becomes possible to use the 

catalyst which was adapted for each condition. 

[0058] 

[Example] 

(Example 1) Sub-bituminous coal ground in particle diameter of 0.5-3 mm as a carbonaceous 
material (raw material of a carbonaceous hollow body) (46% of a volatile constituent) Using the 
anhydrous ash-free standard, this was inserted in the air current layer type reactor, heat- 
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treatment which carries out rapid temperature up (reaction-time 3 seconds) to 600 ** was 
performed, flotation of the generated carbonaceous hollow body was carried out with water, and 
the floating minute spherical carbonaceous hollow body was obtained. The relative bulk density 
was 0.09 g/cm 3 , and the BET specific surface area was 100cm 2 /g. 

[0059] 10 g of this carbonaceous hollow body was put into the solution which mixed 30 g of 
titanium isopropanal KISHIDO to 30 ml of ethanol (ml), and it agitated gently suitably for 3 hours, 
giving an ultrasonic wave. Subsequently, after the ** exception's having carried out floating 
matter and air-drying this for 24 hours, the carbonaceous hollow body catalyst which supported 
titanium oxide 30% of the weight to the carbonaceous hollow body was acquired by drying [ for 2 
hours ] and calcinating at 600 ** under a nitrogen air current (a part for 200-mi/) continuously 
at 250 ** among the air for 5 hours. It checked that the supported titanium oxide was an 
anatase type crystal by X-ray diffraction. 

[0060]Thus, the benzene added to distilled water using the acquired carbonaceous hollow body 
catalyst was oxidized. 

[0061]First, 30 cm of mixed liquor 3 which added benzene so that it might become 50 millimols / 
liter (mmol/l) was put into distilled water, 0.5 g of carbonaceous hollow body catalysts are added 
to this, it was distributed in the flat tip cell (the product made from Pyrex, 6 cm in inside 
diameter, a depth of 5 cm), and it was covered with the disk made from quartz. Subsequently, 
under air saturation, magnetic churning was carried out gently, without performing an optical 
exposure (500 rpm), and the benzene concentration in [ of 1 hour after ] liquid was measured. 
This is the examination done supposing the case where sunlight cannot be used. 
[0062]Then, the light of the high-pressure mercury-vapor lamp of 250W was made to react by 
glaring through UV cut-off filter (Toshiba UV-31) from the upper part in 25 **. At the time of a 
reaction, the catalyst existed in the oil level by the floating state, and it checked that light was 
irradiated all over the. 

[0063]analysis of benzene and its decomposition product — a liquid phase part — high 
performance chromatography (column; Toso TSK-gel ODS-80TS) — gas chromatography 
(column; UNIBEADS-C made from GL science) performed the gas phase portion. 
[0064]As a result, benzene was adsorbed by the carbonaceous hollow body catalyst while 
agitating gently, without carrying out an optical exposure, and the concentration decreased from 
50 mmol/l to 10.5 mmol/l in 1 hour. After that, oxidative degradation of the benzene was carried 
out by the optical exposure of 4 hours, and, in carbon dioxide, 0.88mmol and carbon monoxide 
carried out 0.07mmol generation by it. 

[0065](Example 2) 80 g of titanium isopropanal KISHIDO was dropped at 500 cm of distilled water 
* agitated violently, and 5 g of nitric acid (60%) was added after that, after [ subsequently, ] 
agitating in 80 ** for 24 hours and condensing under a vacuum — further — the sol which adds 
1N sodium hydroxide solution, adjusts pH, and contains titanium oxide 10% of the weight — liquid 
(pH about 3.0) was obtained. 

[0066]this sol 10 g of carbonaceous hollow bodies which are not supporting the titanium oxide 

prepared in Example 1 were put into liquid, and it agitated gently for 5 hours. Then, after the ** 
exception carried out floating matter and distilled water fully washed, it calcinated at 250 ** 
among the air for 2 hours, and the carbonaceous hollow body catalyst which supported titanium 
oxide 45% of the weight was acquired. It checked that this titanium oxide existed as an anatase 
type crystal by X-ray diffraction. 

[0067]Thus, benzene was oxidized using the acquired carbonaceous hollow body catalyst. The 
conditions and analytical method of oxidation presupposed that it is the same as the case of 
Example 1. 

[0068]As a result, the concentration of benzene decreased from 50 mmol/l to 1 2.4 mmol/l by 
adsorption to the carbonaceous hollow body catalyst [ it agitates gently, without carrying out an 
optical exposure ] of a between. After that, oxidative degradation of the benzene was carried out 
by the optical exposure of 4 hours, and, in carbon dioxide, 1 .1 5mmol and carbon monoxide carried 
out 0.025mmol generation by it. 

[0069](Example 3) Sub-bituminous coal ground as a carbonaceous material in particle diameter 
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of 0.5-3 mm used in Example 1 (46% of a volatile constituent) The 10 g was put into the solution 
which mixed 30 g of titanium isopropanal KISHIDO to 30 ml of ethanol using the anhydrous ash- 
free standard, and it agitated gently suitably for 3 hours, giving an ultrasonic wave. Subsequently, 
after the ** exception's having carried out floating matter and air-drying this for 24 hours, it put 
in the thermostat continuously dried [ for 2 hours ] and held at 600 ** under a nitrogen 
atmosphere at 250 ** among the air, and calcinated for 5 hours, and titanium oxide acquired 6 g 
of carbonaceous hollow body catalysts supported by the carbonaceous hollow body. It checked 
that the rate over the carbonaceous hollow body catalyst of titanium oxide was 35 % of the 
weight, and was an anatase type crystal by X-ray diffraction. 

[0070]Thus, although there were what floats on water surface, and a thing which sinks 
underwater in the acquired carbonaceous hollow body catalyst, while it had been in the state in 
which both were intermingled, the benzene in solution was oxidized by the same method as 
Example 1 . The conditions and analytical method of oxidation presupposed that it is the same as 
the case of Example 1 . 

[0071]As a result, while agitating gently, without performing an optical exposure, benzene was 
adsorbed by the carbonaceous hollow body catalyst, and the concentration decreased from 50 
mmol/l to 10 mmol/l in 1 hour. After that, oxidative degradation of the benzene was carried out 
by the optical exposure of 4 hours, and, in carbon dioxide, 0.9mmol and carbon monoxide carried 
out 0.08mmol generation by it. 

[0072](Example 4) 0.1 g of industrial lube of a petroleum system used in an iron mill was added 
to 30 ml of water, and the oxidative degradation examination of the lubricating oil was done on it 
by the same method as Example 1 using the liquid which distributed 0.5 g of carbonaceous 
hollow body catalysts prepared in Example 1. The lubricating oil was extracted from the filtrate 
using chloroform, and measurement of underwater lubricating oil quantity was performed by 
measuring the absorbance of the extract, after filtering a catalyst. 
[0073]As a result, while agitating gently, without carrying out an optical exposure, the 
carbonaceous hollow body was adsorbed in about 80% of lubricating oils. After that, oxidative 
degradation of the lubricating oil was carried out by the optical exposure of 4 hours, and, in 
carbon dioxide, 1.3mmol and carbon monoxide carried out 0.30mmol generation by it. 
[0074](Comparative example 1) Benzene was oxidized on the same conditions as the case of 
Example 1 except [ all ] it instead of the carbonaceous hollow body catalyst, using 0.3 g of 
commercial titanium oxide (product P-25 made from Japanese Aerosil) as a catalyst. 
[0075]As a result, the concentration of benzene hardly decreased, while agitating gently, without 
carrying out an optical exposure, and adsorption of benzene was not accepted. After that, 
although 0.19mmol and carbon monoxide carried out 0.062mmol generation by the optical 
exposure of 4 hours in carbon dioxide, there was little the quantity far compared with Examples 1 
and 2. 

[0076](Comparative example 2) Benzene was oxidized on the same conditions as the case of 
Example 1 except [ all ] it, using as a catalyst the glass hollow body (20.4 % of the weight 
titanium oxide holding amount : to a glass hollow body) which made the titanium oxide which 
consists of an anatase type crystal prepared independently instead of a carbonaceous hollow 
body catalyst support. At this time, the catalyst floated on the oil level like the case where a 
carbonaceous hollow body catalyst is used, and it checked that light was irradiated by the whole 
surface. 

[0077]As a result, an optical exposure was not carried out, but while agitating, the concentration 
of benzene only decreased from 50 mmol/l to 47.3 mmol/l, and adsorption of benzene was a 
grade accepted slightly. After that, although 0.27mmoi and carbon monoxide carried out the 
amount generation of traces by the optical exposure of 4 hours in carbon dioxide, there was little 
the quantity compared with Examples 1 and 2. 

[0078](Comparative example 3) The activated carbon (catalyst) which made the titanium oxide 
which is the same procedure as the case of Example 1 except [ all ] it, and consists of an 
anatase type crystal instead of a carbonaceous hollow body using commercial activated carbon 
(product made from WAKO pure medicine) support 26% of the weight was obtained. This catalyst 
was used instead of the carbonaceous hollow body catalyst, and benzene was oxidized on the 
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same conditions as the case of Example 1 except [ all ] it. At this time, the catalyst sedimented 
on the bottom of the container used for processing, and suited the tendency condensed a little. 
[0079]As a result, an optical exposure was not carried out, but while agitating, benzene 
concentration decreased from 50 mmol/l to 7.3 mmol/l, and adsorption of benzene was 
accepted. Although 0.65mmol and carbon monoxide carried out 0.084mmol generation by optical 
exposure in carbon dioxide, there was little the quantity compared with Examples 1 and 2, 
although there was much adsorption of benzene. Since the catalyst mainly sedimented or 
condensed this within the container, it is because the effect of the optical exposure was 
reduced. 

[0080](Comparative example 4) The oxidative degradation examination of industrial lube of a 
petroleum system was done instead of the carbonaceous hollow body catalyst on the same 
conditions as the case of Example 4 except [ all ] it, using 0.3 g of commercial titanium oxide 
(product P-25 made from Japanese Aerosil) as a catalyst. 

[0081 ]As a result, even if agitated gently, without carrying out an optical exposure, a lubricating 

oil was hardly adsorbed by the carbonaceous hollow body. Oxidative degradation of the 

lubricating oil was carried out by the optical exposure of 4 hours after that, and although 

0.31 mmol and carbon monoxide carried out 0.12mmol generation, the quantity had little carbon 

dioxide far compared with Example 4. 

[0082] 

[Effect of the Invention]Since the carbonaceous hollow body catalyst of this invention has the 
operation which photooxidizes an organic compound and the carbonaceous hollow body with 
large specific surface area is moreover used as a carrier, while excelling in the adsorption 
capacity to the quality of an oxide and having high reaction efficiency, it has the special feature 
of being easy to gather on the water surface which sunlight reaches easily. Therefore, sunlight 
can be used without needing a big acceptance surface product, and it is especially suitable for 
the oxidative degradation of the organic compound under wastewater. 

[0083]This carbonaceous hollow body catalyst can be easily manufactured by the method of this 
invention. 
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^ISTftofc, 4ft. -ecof^4^^BWStfcJ: 
-5T. ~ig-fb^*^'0 . 27mmo 1 . -K-fb^t*^-* 
B*tfiictft^\ ^co*{i««li3j;t/2tcJ:b^.TiJ'- 
^-?ft. 

[0078] ( iblx^J 3 ) KS^+^iOft^ 0 fcHJjR 

-iti~?y%2 6mm%m¥TZittzvs?wz mm) t» 

ft. d^MM^. ^fg«t+Sf#M^{ta3 l )fcfflv\ ^ 
ftSrtT^ft. =5rfc. i<0fc#s «SEtiJ!Plt=ffl^ft^» 
[0079] -e<7)^m. 3t3SJ^-ti:-rM#^?> PaltC . 
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(7) 



mmW- 10-28S75 



-\zvmm± 5 0 m m o 1 / 1 *>^> 7 . 3ramol/lt 

^^xzimtrnm^o. esmmo i s -igfi:^*^' 

0. 0 8 4mmo I ^J&Lfc^ ^COMJi. . JtJ W 1 to 

[ooso] (jt«W4 ) mmw^mmmcoith mz 

mmW\tf~?> ( B*7xny';HP - 2 5) 0 . 3 
[0081] *<0*&£, ^StW^l^^a^ LT 



& tz . --e co&4 mwwimMiz x -> xmm mtmwm 

S*U -fSfffciftfil^O . 3 1 mm o K -mitwmtf 
0 . 12ramol« LtztiP* * COiii. H»j 4 fcifc 

[0082] 

±% v ^mmM* m** m ^x^z <vx\ mwwsmzn 

t^s. zwcfr. zk'^^mm^smt^:Tiz±m 
%%mm~th z bwx-£ , mzm^^M\t^iom 

[ o o s 3 ] zcommw*mmm±*mmcr)jjmzj: 
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